OBJECTIVE: To describe the dosing of etanercept and infliximab for the treatment of rheumatoid arthritis (RA).
heumatoid arthritis (RA) is a chronic inflammatory disease that affects approximately 1% of the U.S. population. 1 The disease is characterized by inflammation of synovial tissue and progressive damage of joints. 2 The introduction of biologic agents for the treatment of RA has revolutionized the treatment of this disease. Controlled trials of tumor necrosis factor (TNF)-α inhibitors, both as monotherapy and in combination, have demonstrated that these agents are effective in reducing symptoms, improving functionality and quality of life, and slowing the progression of the disease. 3, 4 The biologic agents currently approved for the treatment of RA include the anti-TNF monoclonal antibodies adalimumab (Humira) and infliximab (Remicade), the TNF-α soluble receptor etanercept (Enbrel), and the IL-1 receptor antagonist, anakinra (Kineret) ( Table 1) . 2 To date, little data are available concerning how these medications are being used in actual clinical practice. Etanercept and infliximab have been U.S. Food and Drug Administration (FDA)-approved in the United States for several years and are the most frequently prescribed biologic agents for RA. The purpose of this paper is to describe dosing patterns of etanercept and infliximab among patients being treated for RA in usual care.
ss Methods
Subjects for this study were selected using a convenience sample from 16 rheumatology practices located in the western and southeastern United States. Subjects were included if they were at least 18 years of age and had received treatment with a TNF-α inhibitor (i.e., etanercept or infliximab) in the period of 1999-2002. Subjects were required to have a diagnosis of RA noted in their medical record or at least 1 medical claim with an ICD-9-CM code 714.0 during the 12 months prior to the Eligible subjects were initially identified by their health plan by reviewing prior-authorization records and then verifying eligibility criteria through medical and pharmacy records. However, because the health plans covered large geographic areas, it became impractical, due to the travel time, to visit each rheumatology practice. Instead, rheumatology practices were contacted directly by telephone, and patients were identified by each office.
The patients were required to have complete information available in their medical record from the time of initiating TNF-α inhibitor therapy to their latest follow-up visit or until discontinuing TNF-α inhibitor treatment. Subjects were excluded from the review if they had a terminal illness or were receiving a TNF-α inhibitor treatment for an indication other than RA (e.g., Crohn' s disease, psoriasis, ankylosing spondylitis). Medical records maintained by the provider (rheumatologist) responsible for prescribing and monitoring the TNF-α inhibitor therapy were reviewed retrospectively for the time period during which the subject received therapy with either etanercept, infliximab, or both. Interruptions in treatment were considered part of the treatment period and were included in the review. This study was conducted prior to the implementation of HIPPA (Health Insurance Portability and Accountability Act of 1996) rules and was approved by the Institutional Review Board at the University of Arizona.
A standardized data collection instrument was developed and pretested; slight modifications were made after the pretest to improve data capture. Demographic data collected from the medical record included age, sex, and weight. Among infliximab-treated subjects, weight was recorded at each infusion time in order to calculate the milligram per kilogram infliximab dose. The year of RA diagnosis recorded in the medical chart was collected. In cases where the diagnosis had been made many years beyond what was recorded in the medical record, an approximate year of RA diagnosis was recorded based on the available history (e.g., decade of RA diagnosis). The use of disease modifying antirheumatic drugs (DMARDs) concurrently with TNF-α inhibitor therapy was recorded as a binary variable (yes/no). Data on DMARD dose, frequency, and duration of therapy were not collected. Medical insurance coverage was classified into the following categories: health maintenance organization (HMO), preferred provider organization, traditional indemnity, Medicare, Medicaid, or other (i.e. self-pay, other insurance). Classification was based on what was reported by the patient' s health plan or based on what was reported by the provider' s office based on their billing history.
Anti-TNF-α therapy was recorded for each subject. For etanercept-treated subjects, the date etanercept was prescribed, the initial dose, frequency of administration, and date etanercept was discontinued (if applicable) were recorded. Changes in the dose or frequency of administration during the course of treatment were also recorded. For infliximab-treated subjects, data was collected for each infusion episode. These data included the date of infusion, dose, most current patient weight, and the administration of adjunctive medications (i.e., diphenhydramine, acetaminophen). The frequency of administration (dosing interval) was determined by calculating the number of days between each infusion episode. The dose of infliximab was reported as milligrams per kilogram and was calculated using the dose and most current weight at each infusion episode. The duration of therapy was calculated using the date of initiating therapy and the stop date. In cases where the subject was still receiving treatment at the time of follow-up, the date of the medical record review was used as the stop date.
The change in dose of either TNF-α inhibitor therapy was the primary end point in the analysis. The number of DMARDs used by patients treated with each TNF-α inhibitor was also evaluated. Continuous variables were analyzed using a one-way analysis of variance. Categorical variables were compared using a chi-square test. The alpha level for statistical significance was set at 0.05. All analyses were performed using SAS 8.2 (Cary, NC).
ss Results
A total of 244 medical records were identified and included in this study. Table 2 contains a description of the baseline characteristics. Females comprised 70% of the sample, which is consistent with gender distribution of this disease. 1 However, the gender distribution was not uniform across groups, with a higher proportion of males in the infliximab-only group compared with etanercept-only or etanercept/infliximab groups. Other demographic variables were similar across groups. The majority of patients were insured in an HMO-type insurance plan, followed by Medicare as the second most common. The initial and end doses of the TNF-α inhibitors are provided in Tables 3 and 4 . Among the 128 patients who were still receiving etanercept at the time of the review, the mean dose increased 1.6 % (P = 0.16) from their initial dose to their last follow-up. Among those who discontinued etanercept treatment, the mean dose increased 11.2% (P = 0.08) during treatment. Among 56 infliximab-treated patients who were still receiving treatment at the time of the review, the mean dose increased 34% (P < 0.001) from the initial dose to the last followup. A similar 32% increase was observed among those who discontinued infliximab therapy. Reasons for dose increases or discontinuations were not collected.
The use of concurrent DMARD therapy is shown in Table 5 . The majority of patients used concurrent DMARD therapy along with TNF-α inhibitor treatment. Of those receiving DMARDs, 77% were treated with methotrexate either alone or in combination. The next most commonly used DMARDs were plaquenil (12.3%) and leflunomide (11%). A small proportion of patients used 2 or more DMARDs concurrently. The reasons for this treatment strategy were not collected.
ss Discussion
Overall, the dosing of etanercept and infliximab is consistent with the current FDA-approved labeling of these products. For etanercept, there was a nonsignificant 11.2% mean dose increase among those who discontinued therapy, and a 1.6% mean dose increase among those who were maintained on therapy, which indicates that some patients exceeded the FDAapproved dosage for this medication. However, on average, patients were maintained on a relatively constant dose over time. For infliximab, the mean dose increased significantly-by approximately 33%-during treatment among individuals who were maintained on infliximab and among those who discontinued therapy. The increase in dose among infliximabtreated patients was expected since it can be titrated to achieve a maximal therapeutic response. However, all patients on infliximab therapy were maintained on a dose below the FDAapproved maximum dosage (10 mg/kg every 4 to 8 weeks). 4 Etanercept is indicated for use with or without concurrent methotrexate. 3 Infliximab is indicated for use in combination with methotrexate. 4 The use of DMARDs among both groups in our study appeared to be consistent with the FDA-approved labeling of these products since more than 70% of patients treated with either TNF-α inhibitor received concurrent DMARD therapy. Most frequently, the DMARD was methotrexate, but other DMARDs, such as hydroxychloroquine and leflunomide, were concurrently prescribed. In addition, 10% of patients were receiving more than one DMARD concurrently with TNF-α inhibitor therapy. To date, no clinical studies have demonstrated the efficacy or safety with DMARDs other than methotrexate or with more than one DMARD.
Determining the reason for increased DMARD therapy was not within the scope of this study. However, there are at least 2 plausible explanations for this observation. First, patients receiving more than one DMARD therapy could represent a group of patients that is not responding adequately to treatment with a TNF-α inhibitor plus methotrexate. 2 Another potential explanation is that these patients receive adequate control but continue experiencing residual symptoms from their disease, prompting the provider to augment their regimen with an additional DMARD in order to attain complete control of the disease. 2 It is likely that both scenarios are represented in the patient population studied.
The results of this evaluation are consistent with previously published studies. [5] [6] [7] A retrospective analysis using claims data from a large U.S. health plan evaluated dosage administration of etanercept or infliximab in patients with RA. 5 Over a 1-year period, the mean dose of infliximab and etanercept increased by 37.4% and 7.4%, respectively. Data from the Anti-TNF Trial in Rheumatoid Arthritis with Concomitant Therapy (ATTRACT) demonstrated greater improvements in the signs and symptoms of the disease based on the ACR20 (American College of Rheumatology response criteria), ACR50, and ACR70 scores in patients who received higher doses of infliximab. 6 In addition, recent data shows that dosing of infliximab at 8-week intervals may result in insufficient concentrations to maintain an adequate therapeutic effect and may require more frequent administration. 7 Stockl, et al. conducted a similar evaluation to this study and found subsequent dosing following initiation of infliximab and etanercept was 4.2 ± 1.4mg/kg and 25.7 ± 13.9 mg, respectively, among patients with RA. 8 Biologics are increasingly prescribed for the treatment of RA in clinical practice. Erkan et al. evaluated rheumatologists' treatment preferences for the treatment of RA based on disease severity. 9 Hydroxychloroquine and methotrexate were the most commonly cited medications for first-line treatment of mild or moderate RA, respectively. For severe RA, TNF-α inhibitors were in 66% of the regimens that were listed by rheumatologists when cost was not a consideration. However, they were only in 14% of the regimens listed by rheumatologists when cost was taken into account. It is important to note that these data were collected before the publication of the results of randomized clinical trials comparing the use of etanercept and methotrexate in the treatment of early RA. 10 Thus, it is likely that biologic agents would be listed more commonly if a more recent evaluation was conducted.
The preference for more expensive biologic agents in the treatment of RA is creating increased pressure on health care systems to provide coverage for these medications. 2, 11 Although the biologic agents significantly reduce RA-related disability and help patients maintain productive lifestyles, there are concerns about how much the health care system can afford to expand coverage for innovative, but costly therapies. [11] [12] [13] This concern is clearly demonstrated in the dramatic shift in rheumatologists' treatment preferences, particularly for biologics, when asked to take cost into consideration. 9 Other issues, such as whether to consider biologics a medical or pharmacy benefit, have created new challenges for health care payers. Traditionally, injectables are more likely to be covered as a medical benefit; selfadministered medications are more likely to be covered as a pharmacy benefit. In the case of etanercept and infliximab, this has created inconsistencies in how coverage is provided by some health care systems. 14, 15 In addition, how the financial cost of these agents should be tracked under the pharmacy or medical benefit has become an issue for some health plans. 15, 16 As the availability of biologic agents to treat RA has expanded, the selection of the most cost-effective agent has become a pressing issue. Several factors contribute to the difficulty of identifying the most cost-effective agent. Perhaps the biggest limitation is the lack of direct head-to-head comparison data on efficacy and safety. Yet, resolving this issue does not necessarily resolve the entire cost-effectiveness question. Credible data regarding resource utilization associated with TNF-α inhibitor treatment are still required. 11, 14 In the United States, there is a preference by many health care systems to use actual data obtained from patients treated in routine clinical practice to answer these types of questions.
11 This is particularly challenging for the current TNF-α inhibitors for several reasons. First, clinical measures of disease severity are usually not calculated and recorded in the patient' s medical record, thus precluding a reliable measure of effectiveness. Second, obtaining data on resource utilization requires accessing a variety of data sources (e.g., medical record, medical claims, pharmacy claims, home health record) in order to obtain comprehensive resource utilization data. With the concerns over patient privacy, this usually requires obtaining individual patient consent, which is time-consuming, and may not be possible.
Contributing to the magnitude of the problem of measuring complete health care resource utilization, it is apparent that health care systems and third-party payers manage the use of etanercept and infliximab differently. For example, because etanercept is self-administered and can be dispensed from a pharmacy, it is more often covered as a pharmaceutical benefit, but it also appears in medical claims. Infliximab is administered as an infusion and is therefore more likely to be covered as a medical benefit, but it may also appear in pharmacy claims. 14, 15 One solution is to analyze total costs of care (i.e., not just disease-specific costs) for patients receiving a TNF-α inhibitor. 15, 16 This approach captures all utilization, but it makes it difficult to identify specific practice patterns that may be driving the cost of treatment. Another approach is to coordinate all the available data sources (i.e., medical records, electronic claims, hospital records) and conduct a comprehensive economic evaluation. 16 However, the challenges involved in getting access to the necessary data sources make this option difficult to achieve. Nevertheless, comparative cost-effectiveness data are necessary and will become more important as more RA treatment options are introduced and compete with traditional therapies for first-line treatment and standard of care.
Limitations
There are several limitations to this study. First, the design of this study was descriptive and was intended to describe the dosage patterns and DMARD use of patients treated with TNF-α inhibitors. Clinical information related to efficacy was not collected since this is usually not recorded in a consistent manner in the medical record. In addition, the reasons for changes in dose or discontinuation of therapy were not collected. Thus, it is not possible to make inferences about the comparative efficacy of either medication or comment about potential clinical outcomes associated with treatment.
Second, the data collected for this study came from medical records maintained by the prescribing rheumatologist. It is assumed that the pertinent information concerning the administration of each TNF-α inhibitor was documented correctly and completely in the medical record. It is possible that other clinical information concerning TNF-α therapy may have been maintained by a provider other than the rheumatologist and was not captured by this review.
Third, the duration of follow-up was twice as long for patients treated with etanercept compared with those treated with infliximab, which further precludes any type of comparison. Finally, the sample was not randomly selected from the population of RA patients treated with etanercept or infliximab. Thus, it is possible that characteristics of the patients (e.g., disease severity) were different from the average patient population and could reflect an extreme segment of this patient population by disease severity or other factor. However, the results of our study are similar to other published reports.
ss Conclusion
The results of this study of the actual practice of rheumatologists indicate that TNF-a inhibitors are being dosed according to their FDA-approved labeling. Further research on comparative effectiveness of these agents is needed.
